Abstract-Chronic pain and posttraumatic stress disorder (PTSD) co-occur at high rates, and Veterans from recent wars in Iraq and Afghanistan may be particularly vulnerable to both conditions. The objective of this study was to identify key aspects of chronic pain, cognitions, and psychological distress associated with comorbid PTSD among this sample of Veterans. Baseline data were analyzed from a randomized controlled trial testing a stepped-care intervention for chronic musculoskeletal pain. Operation Iraqi Freedom/Operation Enduring Freedom (OIF/OEF) Veterans with chronic pain only (n = 173) were compared with those with chronic pain and clinically significant posttraumatic stress symptoms (n = 68). Group differences on pain characteristics, pain cognitions, and psychological distress were evaluated. Results demonstrated that OIF/OEF Veterans with comorbid chronic musculoskeletal pain and PTSD experienced higher pain severity, greater painrelated disability and increased pain interference, more maladaptive pain cognitions (e.g., catastrophizing, self-efficacy, pain centrality), and higher affective distress than those with chronic pain alone. Veterans of recent military conflicts in Iraq and Afghanistan may be particularly vulnerable to the compounded adverse effects of chronic pain and PTSD. These results highlight a more intense and disabling pain and psychological experience for those with chronic pain and PTSD than for those without PTSD. 
INTRODUCTION
Chronic pain and posttraumatic stress disorder (PTSD) are significant health problems, especially among military Veterans. A study of Persian Gulf war Veterans documented pain as the most frequently reported symptom [1] . Lifetime prevalence of PTSD among Vietnam Veterans is 18.7 percent [2] , approximately three times higher than the lifetime prevalence rate of 6.8 percent for U.S. adults [3] . Increasingly, the literature is illuminating more about the prevalence, costs, and impact of the comorbidity between these two conditions. In a recent study of Veterans receiving treatment for chronic pain, PTSD was identified in 49 percent of the sample [4] . Among Veterans seeking mental health treatment for PTSD, comorbid chronic pain was diagnosed in 66 percent of the patients studied [5] . The National Comorbidity Survey revealed that musculoskeletal pain was associated with a 400 percent increased risk of developing PTSD [6] .
Veterans of more recent wars in Afghanistan and Iraq, collectively referred to as "OIF/OEF/OND" (Operation Iraqi Freedom [OIF]/Operation Enduring Freedom [OEF]/Operation New Dawn [OND] ) Veterans, may be particularly vulnerable to experiencing chronic pain and PTSD due to extended and repeated deployments. These multiple tours have often included high-intensity conflicts that result in higher rates of injury and trauma exposure. Pain is a significant clinical condition and PTSD is one of the most common psychiatric diagnoses among this population [7] [8] [9] [10] [11] [12] . Although it is known that these are highly prevalent conditions among individuals returning from recent wars, an understanding of the complexity of the chronic pain and PTSD relationship is limited. Importantly, a recent study of Veterans seeking treatment for chronic pain began to untangle this complex relationship. By comparing patients with pain and PTSD with those with pain only, Alschuler and Otis identified notable differences in coping strategies and beliefs about pain [13] . Specifically, their findings suggest that those individuals with comorbid PTSD perceive less control over their pain, hold stronger beliefs that pain is affected by emotions, and catastrophize more about pain.
The current study assessed the physical, functional, and psychological experience of Veterans with comorbid chronic pain and PTSD. The foundation of this study presupposes a biopsychosocial understanding that chronic pain impacts multiple domains and draws from theoretical models of pain-PTSD comorbidity. The study team hypothesized that Veterans with both chronic pain and PTSD, compared with those with chronic pain only, would report a worse overall experience in terms of pain severity, pain-related disability, pain interference, cognitions related to pain, and psychological distress. This study expands upon Alschuler and Otis' work [13] by further exploring the cognitive patterns of Veterans with pain and PTSD. Whereas their study used catastrophizing items that examine only the helplessness feature of the construct, the current project comprehensively investigated all three proposed components of catastrophizing (i.e., rumination, magnification, helplessness) [14] . The current study also examined pain self-efficacy as an important cognition that can affect self-management behavior and pain outcomes. Additionally, this study is the first to include the construct of pain centrality (i.e., thoughts of pain as fundamental to one's life or identity) in an analysis of pain-PTSD comorbidity.
Specifically, compared with Veterans with chronic pain alone, the study team expected to find worsened pain reports (higher pain severity, more pain-related disability, greater pain interference), more maladaptive thoughts related to pain (pain catastrophizing, pain selfefficacy, centrality of pain), and more depression and anxiety symptoms among Veterans with comorbid PTSD. These hypotheses were tested with an overarching aim of better understanding the complex relationship between these two conditions.
METHODS

Data Source and Procedure
The study team analyzed baseline data from the Evaluation of Stepped Care for Chronic Pain (ESCAPE) study, a randomized controlled trial designed to test the effectiveness of a stepped care intervention to improve functional and other pain outcomes in OIF/OEF Veterans with chronic musculoskeletal pain. Although the term "OIF/OEF/OND" is now standard for referring to Veterans returning from recent wars in Iraq and Afghanistan, it is important to note that because OND began as the study was drawing to a close, no OND Veterans participated in this study. Veterans of OIF/OEF were eligible for the study if they reported persistent musculoskeletal pain of at least 3 months' duration and their pain was associated with at least moderate functional limitation. Given that pain is multifaceted and that the study delivers a multicomponent intervention designed to address functional impairment, we used a well-validated pain disability measure as an eligibility screener. Participants with a score of 7 on the Roland Morris Disability Scale [15] were considered to meet the eligibility criterion of moderate functional impairment. Exclusion criteria consisted of severe medical conditions that would limit study participation (e.g., New York Heart class III or IV heart failure), active psychosis, moderate cognitive deficits, severe impairment of hearing or speech, active suicidal ideation, prior back surgery or pending surgery, current substance dependence, and current pregnancy or trying to become pregnant.
Informed consent was obtained in writing from every participant in the trial. Assessments were conducted either face-to-face or by telephone by a trained interviewer. This project was approved by the Indiana University Institutional Review Board and Roudebush VA Research and Development Committee.
Measures
Posttraumatic Stress Disorder
PTSD was assessed in two stages, first with a screening instrument and then with a validated self-report questionnaire. The Primary Care PTSD screen (PC-PTSD) [16] is a 4-item self-report measure developed to screen for PTSD in primary care and other medical settings. Represented in the items are the three cardinal symptom clusters of PTSD (i.e., re-experiencing, avoidance, and arousal). To optimize sensitivity, a low threshold was used to indicate a positive screen (i.e., at least one positive response was sufficient) for PTSD. Those who screened positive were subsequently administered the Posttraumatic Stress Disorder Checklist (PCL) [17] ). The PCL is a 17-item self-report questionnaire that assesses the presence and severity of PTSD symptoms. Scores range from 0 to 68, with higher scores representing more severe posttraumatic stress symptoms. The PCL has been developed in three versions to assess posttraumatic responses to military trauma, a specific traumatic event, or any trauma. The study used the PCL-Civilian (PCL-C) version because it addresses the broadest range of possible events as the traumatic stressor. The PCL-C has demonstrated strong reliability and validity in multiple samples [17] [18] and has good concurrent validity with the Clinician-Administered Posttraumatic Stress interview [19] , the "gold standard" in diagnostic measurement of PTSD.
For categorization of participants with clinically significant PTSD symptoms, a cut point of 41 was used. Recommended cut points have ranged from 31 [19] to 60 [20] , and there remains lack of consensus regarding the best diagnostic threshold for the PCL-C [21] [22] . The minimum possible score that corresponds with a Diagnostic and Statistical Manual of Mental Disorders-IV [23] diagnosis of PTSD is 41 and is thus considered clinically significant [17] .
Pain Characteristics
The study team measured pain severity, disability, and interference with activities to understand Veterans' degree of pain and its impact on physical and general functioning. Pain severity was assessed with the Graded Chronic Pain Scale (GCPS) [24] , a 7-item self-report instrument that invites respondents to rate their global pain on a scale of 0-100, with higher scores representing more severe pain. The GCPS has demonstrated good internal consistency, test-retest reliability, and validity [25] [26] .
The Roland Morris Disability Questionnaire [15] is a 24-item self-report scale developed to measure painrelated disability among patients with low back pain. Each item is scored "yes" or "no"; total scores thus range from 0 to 24, where 24 represents greater disability due to pain. Psychometric properties of this scale are strong, and it has been shown to outperform other measures of physical functioning in chronic pain populations [27] . This instrument was initially developed to assess disability among patients with chronic low back pain but has since been validated among other nonmalignant pain samples [28] [29] [30] . It demonstrated good reliability (Cronbach alpha = 0.88) with a sample of patients with chronic musculoskeletal pain [29] [30] .
The 7-item interference scale of the Brief Pain Inventory (BPI) [31] was used to measure the degree to which Veterans' pain interferes with various domains of their daily lives. The items assess the extent of pain interference with mood, physical activity, work, social activity, relations with others, sleep, and enjoyment of life. Item responses were summed and averaged. Interference scores range from 0 to 10, with 10 indicating the most pain-related interference. The BPI has demonstrated strong psychometric properties and appears to be sensitive to changes in pain over time [32] .
Pain Cognitions
Three different pain-specific sets of cognitions shown to be associated with pain outcomes were assessed. Pain catastrophizing, or the tendency to ruminate on pain, magnify pain sensations, or feel helpless about pain, was measured with the Pain Catastrophizing Scale (PCS) [14] . Scores range from 0 to 52, with higher scores representing more catastrophic thinking. The PCS is a 13-item self-report questionnaire with strong reliability and concurrent and discriminant validity [33] .
Pain self-efficacy was measured with the Arthritis Self-Efficacy Scale [34] , a 6-item self-report instrument designed to assess one's belief in personal ability to manage arthritis pain. The item scores were summed and averaged, providing a range from 0 to 10, with higher scores representing greater confidence in one's ability to manage pain. This scale has shown good reliability and validity [35] and has been successfully used in other nonarthritis pain samples [36] .
The study assessed pain centrality, a new construct that signifies the degree to which the experience of chronic pain is central to a respondent's life and identity [37] . The Centrality of Pain Scale [37] is 10-item selfreport measure with items such as "My pain defines who I am," "I think about pain all the time," and "My life revolves around my pain." Scores range from 10 to 50, with higher scores indicating more pain centrality. This new scale has shown promising psychometric properties, with excellent internal consistency and construct validity [37] . Centrality of pain is of particular interest given its potential for impacting pain outcomes [37] . The scale was developed following repeated clinical observations that patients appear to identify themselves strongly as "a pain patient" and view their pain as intractable. It is theorized that these beliefs might serve as a barrier to treatment response, and preliminary findings support this notion [37] .
Affective Distress
Symptoms of depression and anxiety were measured with two different instruments: the Patient Health Questionnaire (PHQ-9) [38] and the Generalized Anxiety Disorder (GAD-7) instrument [39] , respectively. The PHQ-9 is a widely used 9-item self-report measure of depression severity with excellent reliability and validity and good sensitivity and specificity for identifying depression diagnoses [40] . Scores range from 0 to 27, with higher scores representing more frequent depressive symptoms in the past 2 weeks. The GAD-7 is a 7-item self-report scale of anxiety symptom severity. The GAD-7 has demonstrated good reliability, criterion, construct, factorial, and procedural validity [41] . Scores range from 0 to 21, with higher scores indicating more frequent anxiety symptoms.
Statistical Analysis
The mean and standard deviation (SD) were calculated for continuous descriptive variables and outcome measures. Frequencies and percentages were calculated for categorical variables. Separate analyses were conducted to compare groups by PTSD status on the primary outcome variables (pain severity, pain-related disability, pain interference, pain catastrophizing, pain self-efficacy, pain centrality, depression, and anxiety). Two comparison groups were created with baseline data: those with comorbid PTSD and those without PTSD. Those who screened positive on the PC-PTSD and met a cut score of 41 on the PCL-C were classified into the "PTSD" group. Those who screened negative on the PC-PTSD or screened positive but then scored below the PCL-C cutoff (41) were considered to be in the "no PTSD" group. Participants who screened negative on the PC-PTSD were not assessed with the PCL-C. Given the eligibility criteria for the ESCAPE clinical trial, participants in both groups experienced chronic musculoskeletal pain associated with at least moderate functional impairment.
To test for group differences (PTSD vs no PTSD), ttests were conducted on the following dependent variables: pain severity, pain-related disability, pain interference, pain catastrophizing, pain self-efficacy, pain centrality, depression, and anxiety. The study team further expanded these univariate analyses with analysis of covariance (ANCOVA) models that included age, sex, race, income, and medical comorbidities as covariates to identify potential group differences after adjusting for these factors. The aforementioned eight dependent variables were included in these eight ANCOVA models. All statistical analyses were conducted with SAS version 9.3 (SAS Institute Inc; Cary, North Carolina).
RESULTS
Participants
The sample included 241 participants, whose ages ranged from 21 to 73 yr old (mean  SD = 36.7  10.3). The ESCAPE sample was predominantly male (n = 213, 88.4%), white (n = 185, 77.7%), employed or in school (n = 177, 73.4%), and not comfortable with their current level of income (n = 153, 63.5%). All participants had at least a high school education. Most participants had served in the Army (n = 160, 66.4%) and had recently deployed to Iraq (n = 180, 75.0%). Number of comorbid medical conditions ranged from 0 to 5 (mean  SD = 0.95  0.98). Participant demographic characteristics for the entire sample and by comparison group (i.e., PTSD vs no PTSD) are presented in Table 1 . Of note, the only significant group difference was seen for income comfort level ("Would you say that you are comfortable with your household income, have just enough to make ends meet, or do not have enough to make ends meet?").
More than three-fourths of the sample (78.4%) screened positive for PTSD, according to a sensitively set cutoff on the PC-PTSD. Of those who screened positive, 36.0 percent met the clinically significant PCL-C score of 41. Those who screened positive and scored 41 were categorized into the PTSD group (n = 68, 28.2%). Those who screened negative or screened positive but scored <41 on the PCL-C (n = 173, 71.8%) were classified into the no PTSD group. Table 2 presents the results of univariate analyses. All tests yielded statistically significant group differences, with the PTSD group demonstrating greater pain severity, more pain-related disability, greater pain interference, more pain catastrophizing, lower pain selfefficacy, higher pain centrality, more depression, and more anxiety than the no PTSD group. On average, the PTSD group scored 8.5 points higher on pain severity (where scores range from 0 to 100), nearly 3 points higher on pain-related disability (where scores range from 0 to 24), 2 points higher on pain interference (where scores range from 0 to 10), nearly 10 points higher on pain catastrophizing (where scores range from 0 to 52), more than 1 point lower on pain (where scores range from 0 to 10), more than 6 points higher on pain centrality (where scores range from 10 to 50), and approximately 7 points higher on both depression (where scores range from 0 to 27) and anxiety (where scores range from 0 to 21).
Group Differences in Pain Characteristics, Pain Cognitions, and Affective Distress
Unadjusted Group Differences
Adjusted Group Differences
Separate ANCOVA models were created for the eight dependent variables: pain severity, pain-related disability, pain interference, pain catastrophizing, pain self-efficacy, pain centrality, depression, and anxiety. Model results were consistent with the univariate findings; for all variables, there were statistically significant differences between groups, with poorer scores for those with PTSD than for those without. Table 3 presents ANCOVA results related to pain severity. After adjusting for covariates (i.e., age, sex, race, income, medical comorbidities), the between-group differences remained significant, with the PTSD group scoring nearly 8 points higher on pain severity than the no PTSD group. Table 4 summarizes ANCOVA results of pain centrality as representative of assessed pain cognitions. Statistically significant betweengroup differences emerged, with the PTSD group reporting greater pain centrality than the no PTSD group. Table  5 shows the results from the ANCOVA model that examined group differences on depression. Group differences are notable; those with PTSD scored nearly 7 points higher on the PHQ-9 than those without PTSD.
DISCUSSION
The results of this study supported the hypothesis that Veterans with comorbid chronic pain and PTSD, compared with those with pain only, would report a physical and emotional experience that is significantly more intense and disabling. These findings suggest that pain is more severe, is associated with more disability, and interferes more with a Veteran's life when PTSD accompanies chronic pain. Additionally, pain cognitions (i.e., how a person thinks about pain and about him-or herself in the context of pain) appear to differ when PTSD is present. For instance, those with comorbid PTSD demonstrated more catastrophic thinking about their pain, had less confidence in their ability to manage their pain, and viewed pain as more central to their lives as compared with those with chronic pain only. Furthermore, Veterans with comorbid pain and PTSD reported more depression and anxiety symptoms than with pain only. 
OUTCALT et al. Veterans with comorbid chronic pain and PTSD
The high rate of comorbidity between chronic pain and PTSD has been well documented [5, 9, [42] [43] [44] , and results from this study are consistent with these prior epidemiologic studies that have identified high prevalence rates of chronic pain and PTSD. Previous literature has demonstrated associations between PTSD and intensified pain severity, disability, and interference [45] [46] [47] ; however, at least one study did not corroborate this finding [4] . Results from the current study contribute further evidence to support the relationship between PTSD comorbidity and intensified pain features. Additionally, this study extends previous work to a growing population of U.S. Veterans returning from wars in Iraq and Afghanistan, a group that is entering the VA healthcare system at high rates with significant need for healthcare services [7, 9, 48] .
This study expands upon previous work in pain-PTSD comorbidity by considering pain-related cognitive patterns; although cognition has been shown to be relevant to chronic pain [49] [50] , this has not been fully examined in the context of PTSD comorbidity. Specifically, pain catastrophizing, self-efficacy, and centrality were examined. Pain catastrophizing has been previously linked with higher pain intensity and greater disability, and reductions of catastrophic thinking are associated with positive pain treatment outcomes [51] [52] . The study team considers it clinically meaningful, then, to find significantly greater pain catastrophizing among those who also experience PTSD. Alschuler and Otis also found more pain catastrophizing among Veterans with pain and PTSD compared with those with pain only [13] , though their measurement tool omitted the magnification and rumination components of catastrophizing. In the current sample, the pain-PTSD comorbidity group demonstrated greater catastrophizing than those with pain alone, even with the use of a more comprehensive measure of catastrophizing.
Pain self-efficacy is an important cognition to consider in association with pain outcomes. It represents a sense of confidence in being able to take action to manage one's own pain. Previous literature has demonstrated associations between higher pain self-efficacy and greater control over pain, better prognosis [53] [54] , and improved response to pain treatment [55] [56] . Current results suggest that those with PTSD have lower pain self-efficacy than those without, which may lead to downstream effects such as less effective adoption of skills to manage pain and comparatively worse treatment outcomes.
Centrality of pain is a newer construct in the chronic pain literature and is conceptualized as the degree to which individuals view pain as a core component of their life and/or identity. This is an intriguing concept, given clinical observations that patients who strongly identify with their pain tend to be less open to biopsychosocial explanations or interventions. It is conceptually similar to the idea of cognitive fusion from the acceptance and commitment therapy literature, wherein an individual may be attached to a thought (e.g., "I am always in pain") that influences thinking about behavior (e.g., "I cannot attend this event because I am always in pain") and increases experiential avoidance [57] . Centrality of pain may represent a particular type of cognitive fusion in that it describes thoughts specifically about chronic pain. The only published study thus far on centrality of pain [37] demonstrated a relationship between higher centrality and lower physical and mental health functioning. Results from the current study yielded, among OIF/OEF Veterans with both chronic pain and PTSD, higher scores of pain centrality than those without PTSD. Thus, Veterans with PTSD viewed their pain as more elemental to their lives than Veterans without PTSD. It is noteworthy that it is specifically the pain that is viewed as more central among the comorbid PTSD group and merits exploring the direction of influence between PTSD and pain centrality.
These results can be interpreted in a number of ways. Although this study's cross-sectional design precludes causal inferences, one plausible interpretation of these data is that the presence of posttraumatic stress symptoms amplifies the experience of chronic pain, and/or perhaps vice versa. A recent longitudinal study uncovered the complex nature of depression and chronic pain, detailing how the two reciprocally serve to exacerbate and maintain one another [58] . It would be logical to suppose that PTSD and chronic pain may follow a similar pattern. Indeed, the mutual maintenance model [59] , one theoretical model of PTSD-chronic pain comorbidity, proposes that the two conditions contribute to one another in ways that serve to perpetuate one other. The maladaptive cognitive patterns identified in this study may serve as one mechanism that the two conditions influence one another, though specific testing of this hypothesis is needed. Further empirical investigation is warranted to validate the mutual maintenance model, but it is useful in considering how chronic pain and PTSD might interrelate and contribute to one another.
Another possible framework for understanding these results may be found in the shared vulnerability model [60] , which posits anxiety sensitivity as a predisposing factor for developing PTSD following a traumatic event and chronic pain following a physical injury. The triple vulnerability model [61] further refines this concept to include a sense of lacking control as an integral factor in the development of chronic pain. The feeling of not being in control is a significant clinical feature of PTSD as well, and perhaps it is this aspect of PTSD that leads to the intensified pain cognitions found in these results. There is preliminary support for this notion in Alschuler and Otis' recent study that found lower sense of control over pain among Veterans with pain and PTSD compared with those with pain alone [13] . This study's limitations include its cross-sectional design, though this study team is finalizing a longitudinal data set that will allow for longitudinal analyses of these important variables. Although this is a single-site study and it is unknown whether these findings would generalize to Veterans of other eras, to civilian samples, or to those who are not seeking treatment for chronic pain, it is one of the largest pain treatment studies with OIF/OEF Veterans and provides significant insights into that population. PTSD was not assessed with the gold standard diagnostic interview, the Clinician-Administered PTSD Scale [62] , and a highly sensitive cut score of the PCL-C was chosen, which affects the specificity of PTSD diagnosis. The study may be further limited by lack of specific information about the pain origin or traumatic event, which may be relevant particularly when the onset of chronic pain co-occurred with the index trauma. The results would be confounded, for example, if those Veterans with PTSD had sustained more severe physical injuries than those without, which would explain higher pain severity and disability among the comorbidity group.
Despite the noted limitations, these findings have important implications clinically, empirically, and theoretically. When treating a Veteran with chronic pain, regardless of the discipline or modality of treatment, it is important to assess for PTSD or to be aware of the Veteran's comorbid PTSD. Veterans who experience PTSD are likely to experience more intense and disabling pain, more maladaptive thought patterns, and more affective distress, and a provider may need to tailor pain treatment for the patient with comorbid PTSD. At least one study has suggested that treating PTSD may beneficially affect the experience of chronic pain [5] . This highlights the importance of assessing PTSD symptoms when treating Veterans with chronic pain. These findings lend support to recommendations to use cognitive therapy techniques, such as those incorporated into cognitive-behavioral therapy, in order to target specific pain-related thoughts and to restructure them into more adaptive patterns of thinking.
Although this study furthers the understanding of the complex nature of chronic pain and PTSD comorbidity, unanswered questions remain. Future research should examine the longitudinal nature of this comorbidity to further elucidate the chronic pain differences between those with and without PTSD. It is important to investigate whether PTSD symptoms serve as a barrier to treatment response for someone undergoing psychological or multidisciplinary treatment for chronic pain. Additionally, this study highlights the importance of pain cognitions and future research should examine cognitive factors in greater depth.
In developing a better understanding of how individuals experience comorbid chronic pain and PTSD, the ultimate hope is to improve care and treatment of those dually experiencing both physical and emotional pain.
CONCLUSIONS
These results suggest a worse overall experience of chronic pain for the Veteran also living with PTSD, pointing to comparatively increased pain severity, disability, pain-related interference, specific thought patterns related to pain, and emotional distress. These findings help to understand the complex relationship between chronic pain and PTSD and serve to inform future clinical trials. In particular, the three cognitive patterns identified in this study as associated with pain-PTSD comorbidity (i.e., pain catastrophizing, pain centrality, pain self-efficacy) should be important targets of treatment within cognitive-behavioral therapy with Veterans experiencing both conditions.
